Purpose To evaluate the effects of temporary canalicular occlusion with silicone plugs on trachomatous dry eye patients who were on maximal tolerable medical therapy. Results Six months after plug placement, 18 eyes (82%) of 22 patients had subjective improvement and all these patients successfully wore plugs for at least 6 months. 
Results Six months after plug placement, 18 eyes (82%) of 22 patients had subjective improvement and all these patients successfully wore plugs for at least 6 months. In cases where topical tear supplementation is insufficient to relieve the signs and symptoms of severe dry eye and lacrimal puncta have not already been closed by the cicatrising process, occlusion of the puncta may be useful to prevent drainage of both natural and artificial tears. Canalicular blocking is specifically indicated in the aqueous-deficient dry eye, Inclusion criteria were as follows:
• The presence of bilateral trachomatous scarring (TS) according to the World Health Organization Trachoma Grading Scheme. 8
• The presence of functional signs of dry eye for more than a year, with insufficiently effective conventional symptomatic treatment and no improvement despite what the patients considered to be maximum topical therapy.
• A positive rose Bengal {est in the interpalpebral area, with a score of 4 or more. For the test of a drop of rose Bengal 1 % was administered, which was washed with physiological saline 30 s later. Staining intensity was graded by slit-lamp examination from 0 for a normal eye to a maximum of 9.
• Schirmer test (after topical anaesthesia) showing 5 mm or less of strip wetting in 5 min. A 10 ILl drop of fluorescein sodium 1% combined with oxybuprocaine chloride 0.4% was placed in each eye. Five minutes later, a strip of paper was hung from the lower eyelid, where it remained for an additional 5 min. The length of the wet portion was then measured, and the intensity of fluorescein staining was graded by slit-lamp examination from minimal possible score of 0 to a maximal score of 9.
• Tear break-up time (BUT) of 5 s of less. Ten microlitres of 1 % fluorescein solution without preservatives or anaesthetics was applied in each eye. We measured the interval between the last complete blink and the appearance of the first black spot in the fluorescein stained tear film without touching the eyelid. BUT estimation was performed three times on each eye and the mean value of the three measurements was calculated.
• Squamous metaplasia in the conjunctival impression cytology samples: large irregular epithelial cells with small nuclei 
Plug placement procedure
First a lacrimal efficiency test was carried out. Collagen punctal plugs (0.4 mm diameter and 2 mm long; Lacrimedics, Rialto, CA) were inserted by first anaesthetising the puncta with topical anaesthetic on a cotton-tip applicator. Dilation of the puncta is not usually needed prior to this procedure. These implants were used to predict results before punctal occlusion with a silicone plug. Three weeks later, in patients who did not have epiphora when wearing collagen implants, hydrophobic silicone canalicular plugs (0.5 mm diameter, Herrick Lacrimal Plug, Lacrimedics, Rialto, CA) were inserted past the punctum, down the vertical canaliculus and into the horizontal canaliculus. Here the plug becomes lodged just in front of the common canaliculus. (These plugs requires no topical anaesthetic or dilation of the punctum for insertion.) Plugs were placed in upper and lower canaliculus.
Patients were examined before collagen plug placement and at 3 months and 6 months after silicone plug placement. The effectiveness of canalicular occlusion was checked at every examination. To be certain that the subjective improvement reported by the patients was not a placebo effect, one of us (M.G.) obtained an objective assessment of each patient. To minimise assessment bias, the results of the pre placement evaluation were not available to the investigator at the time of the post-treatment examination.
The pre-placement and post-placement evaluations included the following:
• Changes in functional symptomatology: (a) foreign body sensation, (b) burning-stinging, (c) ocular fatigue, (d) photophobia (graded as 0 = no symptoms, 1 = mild, 2 = moderate, 3 = severe). Each of the symptoms was rated separately, then the sum of the scores of symptoms in each patient was calculated as the 'total symptom score'.
• The amount of articificial tears required (the same, less or more).
• The amount of Schirmer test strip wetting after topical anaesthesia.
• The presence of fluorescein staining and rose Bengal staining in the bulbar conjunctiva nasally and temporally as well as on the cornea (minimal possible score of 0 and maximum score of 9).
• Conjunctival impression cytology (minimal possible score of 0 and maximum score of 18 
Results
The mean clinical follow-up period was 7.84 ± 2.05 months, with 14 months as the upper limit and a minimum follow-up of 6.25 months. Eighteen eyes (82%) of 22 patients had subjective improvement. The improvement for plugged eyes versus their pre-placement values was highly significant by chi square test (p < 0.001). Eight of the patients (36%) were able to decrease dependency on topical therapy. Ten of the patients (45%) stopped using artificial tears completely. Four patients (18%) who retained canalicular plugs did not experience any improvement in symptoms and none of these patients was able to decrease dependency on topical therapy. Total symptom scores decreased from a mean of 9.91 ± 1.60 to 4.14 ± 1.61 (p < 0.0001). When the plug-treated group and the untreated group were compared, significant improvement in ocular symptoms was observed in the treated group at 3 and 6 months, and there were significant differences between the total symptom scores of the two groups (Table 1, Fig. 1 ).
Rose Bengal staining scores decreased from a mean of 5.55 ± 1.77 to 1.55 ± 1.65 (p < 0.001). There were significant differences between plug-treated and untreated groups concerning rose Bengal staining scores at 3 and 6 months (Table 2, Fig. 2 ). Fluorescein staining scores decreased from a mean of 4.23 ± 1.82 to 1.32 ± 1.70 (p < 0.001). There were also significant differences between plug-treated and untreated groups in the fluorescein staining score at 3 and 6 months ( Table 3, Fig. 3 ). Pre-placement Schirmer 1 test results were a mean of 3.90 ± 0.87 mm, and 6 months after plug placement were a mean of 9.18 ± 3.53 mm (p < 0.001). There were significant differences between plug-treated and untreated groups in the Schirmer test values at 3 and 6 months (Table 4 , Fig. 4) .
Impression cytology showed improvement of squamous metaplasia and increased goblet cells in 17 of 22 eyes (77%) (Fig. 5) . Total impression cytology scores decreased from a mean 14.00 ± 2.89 to 5.27 ± 1.86 (p < 0.0001). There were significant differences between plug-treated and untreated groups in the impression cytology scores at 3 and 6 months ( Table 5, Fig. 6 ). The average number of goblet cells increased from 8.92 ± 4.27 to 82.50 ± 40.40 (p < 0.0001). Significant increases were observed in the average goblet cell counts and there were significant differences between plug treated and untreated groups concerning goblet cell counts (Table 6, Figure 7) .
BUT values increased from 3.90 ± 0.92 to 12.68 ± 2.98 (p < 0.0001). Significant increases were observed in BUT values and there were significant differences between treated and untreated groups in the BUT values (Table 7 , Fig. 8 ). 
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None of the patients in our study extruded canalicular plugs. It was observed that the canalicular occlusion continued effectively until the end of the study. The only complication associated with plug placement was mild epiphora in our study (14%). The Herrick lacrimal plug is a blunt funnel-shaped or golf-tee-shaped silicone plug, commercially available since 1990. The insertion of the plug requires no topical anaesthetic or dilation of the punctum. Usually, the plug is well tolerated. If patients experience irritation or epiphora, the plug can easily be removed through saline irrigation or probing of the canaliculus?
The anatomical effectiveness of punctal occlusion has been well established. The one objective parameter that improved within 6 months with subjective improvement and improvement in Schirmer strip wetting and staining in our study was the impression cytology. In the study by Tseng et al., 24 dry eye patients using retinoic acid ointment for 2 months showed improvement subjectively, clinically and cytologically. Wrighf5 noted the disappearance of clinically detectable keratin plaques within 5 days of retinoic acid therapy. However, a previous study22 of dry eye patients after punctal occlusion as monitored by conjunctival biopsy 2-5 years after treatment did show reversion to normal conjunctival morphology and restoration of normal goblet cell densities. Therefore, although the clinical response to both retinoic acid and punctal occlusion is rapid, reversal of cytological abnormalities may take longer for patients treated by punctal occlusion than for those treated by topical retinoic acid. We were able to repeat the conjunctival impression cytological examination at extended intervals.
Canalicular occlusion has few or no disadvantages for most patients. Epiphora was the most frequent complication (22%) after complete punctal occlusion in Fayet et a/.'s series.
18 Three of our patients (14%)
eventually complained of epiphora. Each of these patients requested that one plug be removed from each eye, but all 3 patients later requested replacement of the plugs.
Lacrimal canalicular occlusion seems to be effective, and our patients were significantly satisfied with the results. This is a new approach for the treatment of severe trachomatous dry eye. Whereas permanent punctal occlusion methods, such as thermal cautery and argon laser, may also be applicable, the simplicity of the implantation procedure, and the good local acceptance observed, have reduced the importance of surgery and made it a secondary alternative. Canalicular occlusion can dramatically improve the quality of life in patients with severe trachomatous dry eye.
